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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL ARTICLE 
 Introduction: Nowadays, the management of drug effluents, as emerging 

pollutants, has attracted great attention due to human health and ecological 

adverse effects. During the COVID-19 pandemic, two drugs, Fexofenadine and 

Montelukast, have been used in large quantities for patients with lung 

involvement. The aim of this study is to investigate the feasibility of removing 

Fexofenadine and Montelukast and determine the removal kinetics. 

Material and Methods: In this study, we used Rhodotron accelerator to 

determine kinetic coefficients for the removal of drugs. Our research focused on 

studying the kinetics of E-Beam radiation reactions and the generation of 

significant amounts of free radicals during these processes. We employed first-

order and second-order kinetic models under laboratory conditions, taking into 

account various influencing factors to establish the rate of removal. 

Results: The results showed that the decomposition of Fexofenadine and 

Montelukast drugs by high-energy E-Beam bending process is a pseudo-first-

order reaction with a coefficient of more than 0.9105 and 0.998, respectively. 

The results showed that the reaction rate constant depended significantly on the 

initial concentration of Fexofenadine and Montelukast drugs and their 

molecular structure. 

Conclusion: Using a Rhodotron accelerator is important for removing 

Fexofenadine and Montelukast from the aquatic environment. 
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Introduction 

The primary aim of wastewater treatment is to 

generate environmentally suitable effluent for 

discharge, ensuring compliance with wastewater 

discharge standards and preventing harm to the 

environment 
1, 2

. Current research focuses on 

emerging pollutants, particularly polar compounds 

that can easily dissolve in water and spread 

through the water cycle originating from various 

human activities like industry, agriculture, 

domestic use, and sewage 
3, 4

. Attention is also 

given to the transformation of these compounds 

during water treatment and natural processes 
1
. 

Optimizing analytical methods is crucial due to the 

toxicity of many emerging pollutants and their  

by-products even at low concentrations. Water and 

wastewater treatment involves the removal of 

pollutants, including new compounds like drugs, to 
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ensure water quality 
5
. Pharmaceuticals with 

diverse characteristics contribute to water and  

soil pollution through production 
6
. Accidental 

releases, household disposal, and livestock 

treatment impact humans and other organisms 
7, 8

. 

The continuous release of prescription and non-

prescription drugs into the environment also has 

led to increased scrutiny of the presence of drugs 

and their metabolites 
9
. Concerns arise from the 

evidence suggesting incomplete drug metabolism 

and their entry into the environment through 

sewage treatment facilities, with effluents reaching 

waters potentially used for drinking 
10

. Efficient 

drug removal is crucial as some drugs have 

demonstrated negative effects on both humans and 

aquatic species 
11

. Therefore, although these drugs 

are found in small amounts in surface water, false 

resistance due to continuous human excretion can 

lead to health-related problems 
5
. The removal 

efficiency of drugs depends on their 

biodegradability and other physicochemical 

properties, such as the possibility of absorption or 

non-absorption by activated sludge, solubility in 

water, and their tendency to escape 
12, 13

. Moreover, 

the design of wastewater treatment plants 

(WWTPs) and the treatment processes used in each 

WWTP can affect the removal efficiency of target 

compounds 
14

. Anti-inflammatory and respiratory 

drugs, including Fexofenadine and Montelukast, 

are common drugs prescribed with or without a 

doctor's prescription to reduce fever, pain, and 

inflammation. During the COVID-19 pandemic, 

these two drugs have been used in large quantities 

for patients with lung involvement 
15

. The 

contaminations in treated wastewater show that 

these compounds cannot be removed by common 

treatment methods and are often discharged 

without treatment in the environment 
16

. Advanced 

oxidation process and absorption can be mentioned 

among the corrective methods of removing these 

substances in water and wastewater 
17

. Electron 

Beam radiation (E-Beam) for water and 

wastewater refinement is particularly important 

compared to other methods for various reasons 
18

. 

Irradiation of aqueous solutions with E-Beams 

causes the formation of excited species and free 

radicals 
19, 20

. In the process of E-Beam, a stream of 

high-energy electrons is used, which is directed 

into a thin layer of the solution 
21

. High-energy E-

Beams are ionizing energy characterized by low 

penetration and high dose. A concentrated and 

highly charged stream of electrons is produced by 

converting speed into electricity 
22

. These electrons 

are produced by accelerators, capable of producing 

alternating and continuous beams. Electron 

accelerators are devices that accelerate the electron 

produced by a filament (as the main part of the 

electron gun) in a vacuum environment and a 

strong electric field, and finally, by an oscillating 

magnetic field, to the target 
19, 22

.  

Considering that no study has been done on 

determining the kinetic coefficients of drug 

removal using the Rhodotron accelerator in the 

aquatic environment, we decided to investigate the 

feasibility of removing Fexofenadine and 

Montelukast, along with determining the kinetics 

of the removal reaction. 

Materials and methods 

    Materials 

    The examined samples containing Fexofenadine 

(98 % Assay,Sigma Aldrich, USA) and 

Montelukast (99/7% Assay ,Sigma Aldrich, USA) 

were prepared synthetically by dissolving the pure 

powder of these two drugs in double distilled 

water, 0.1 normal sodium, and hydrochloric acid. 

     Preparation of samples and chemicals  

After preparing the stock solution, different 

concentrations of Fexofenadine and Montelukast 

drugs were prepared. The prepared samples were 

transferred to polystyrene containers, and after 

being sealed by parafilm, they were exposed to 

radiation by E-Beams. The solution was placed in 

an ultrasonic bath for five minutes to ensure 

sample mixing. The sample volume was 50 ml, and 

the water height was 1 cm.  

Characteristics of the reaction reactor 

The samples were irradiated by a TT200 

Rhodotron electron accelerator manufactured by 

IBA Belgium in Yazd Institute of Nuclear 

Sciences and Technologies affiliated with the 
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Atomic Energy Organization, which produces an 

E-Beam with an energy of 10 MeV. The electron 

accelerator of this laboratory is one of the 

newest and most powerful accelerators available 

in the world. This Rhodotron accelerator has 

four vertical and horizontal outputs and 5 and 10 

MeV energies. The absolute power of this device 

is 100 kW and can be doubled. Furthermore, it 

can also produce X-rays and electrons. Like all 

accelerators, Rhodotron operates on the same 

basic principle of passing electrons through a 

strong electric field to increase energy  

(Figure 1). 

 
Figure 1: Rhodotron accelerator 

 

Calculating the sample size 

This study investigated removal efficiency pH, 

absorbed dose rate, initial concentration of 

Fexofenadine, and Montelukast drugs. The 

samples were measured twice. There were a total 

of 30 samples used for the main tests, resulting in 

60 test cases. Additionally, 12 tests were conducted 

to determine a more accurate range of variables, 

and these were analyzed with Simplex software. 

Design method 

The approach employed in this study for 

designing and conducting experiments was the 

one-factor-at-a-time approach.  After all the tests 

are done, a set of graphs is usually prepared, which 

shows how the response variable is affected by the 

change in one of the factors when the other factors 

are kept constant. At the end of each step, solution 

sampling is done, and the concentration of the 

residual pollutant is measured. To this end, to 

determine the effect of pH, different pHs of 3, 10, 

8, 6, and 5 were investigated at a concentration of 

75 mg/liter each of Fexofenadine and Montelukast 

drugs. The tests of this stage were done at a dose of 

10 kGy. After determining the pH levels, we 

investigated different concentrations (100, 85, 75, 

65, and 50 mg/L) of Fexofenadine and 

Montelukast at the optimal pH. The absorbed dose 

was 10 kGy. Also, to investigate the effect of 

different absorption doses of high-energy E-Beams 

in the removal of two drugs, Fexofenadine and 

Montelukast, the absorption doses of 8.5, 15, 10, 

and 20 kGy were investigated in the optimal 

concentration in terms of milligrams per liter and 

the optimal pH. 

Kinetic models 

Synthetic models express the removal rate of 

Fexofenadine and Montelukast drugs during 

irradiation with high-energy E-Beams. In order to 

investigate the elimination kinetics of 

Fexofenadine and Montelukast in the presence of 
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high-energy E-Beams, the fields related to first-

order kinetics (Changes in ln C/C0 against 

absorbed dose) and the second-order kinetics 

(changes 1/(C) - 1/C0 against the absorbed dose) 

was drawn. The data obtained from the reactions 

were analyzed by comparing the fitting lines and 

using the correlation coefficient (R
2
).  Equations 

related to the first and second-order kinematics are 

presented as follows: 

ln
𝐶

𝐶0
= −𝑘𝐷                                                    (1) 

1

𝐶
−

1

𝐶0
= 𝑘𝐷                                                    (2) 

C and C0 are the remaining and initial 

concentrations of Fexofenadine and Montelukast 

drugs (mg/L), respectively, and D is the absorbed 

dose (kGy). K is the first-order (kGy-1) and 

second-order kinetics (mg-1kGy-1) constant 
23

. 

Statistical analysis  

During the research, standardized samples and 

various concentrations of Fexofenadine and 

Montelukast were prepared. Predetermined E-

Beam doses were applied to these samples. The 

level of light absorption at 259 nm wavelength for 

Fexofenadine and 311 nm for Montelukast was 

measured using a UV/Visible spectrophotometer. 
24, 25

. Subsequently, vital data and information were 

collected through experiments and the use of lab 

equipment. After the experiments were completed 

and the results were obtained, Microsoft Excel and 

SPSS version 18 software were employed to 

analyze the data and create detailed tables and 

visual representations. The Kruskal-Wallis 

statistical test was employed to determine means 

and discern the impact of independent variables. 

Moreover, linear regression was employed to 

assess the efficacy of removal and ascertain the 

kinetics of elimination for Fexofenadine and 

Montelukast pharmaceutical agents. 

Results 

In this study, we identified the most influential 

factors in the analysis and used simplex modeling 

to conduct 12 test runs to precisely determine the 

range of these factors. Simplex mathematical 

modeling accurately transforms given data into the 

unknown and studies the effects of variables within 

a specified range. 

The effect of pH on the removal efficiency of 

Fexofenadine and Montelukast  

At the beginning of the research, as stated, pH 

was measured and analyzed under the specified 

conditions. The effect of the absorbed dose of 10 

kGy and the initial concentration of Fexofenadine 

and Montelukast 75 mg/liter was performed at 

different pHs of 3, 5, 10, 8, and 6. The highest 

efficiencies in pHs of 3, 8, and 10 were 92.25 ± 

1.8, 91.80 ± 2.7, and 90.52 ± 1.9 for Fexofenadine 

and 86.43 ± 1.2, 86.04 ± 1.7 and 84.77 ± 1.3 for 

Montelukast, respectively (Figure 2). In order to 

determine the optimal pH, the removal efficiency 

of drugs at different pHs was checked using the 

Kruskal-Wallis test. 
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Figure 2: Effect of pH level on removal efficiency of Fexofenadine and Montelukast 

 

The effect of pollutant concentration on the 

removal efficiency of Fexofenadine and 

Montelukast  

The effect of pollutant concentration on 

removal efficiency of Fexofenadine and 

Montelukast at pH = 8 and absorbed dose of 10 

kGy. Based on the results shown in Figure 3, by 

increasing the initial concentration of 

Fexofenadine and Montelukast drugs from 50 to 

100 mg/L, the efficiency of removing high-

energy E-Beams decreased due to the production 

of more degradation by-products. By increasing 

the concentration of Fexofenadine from 50 to 

100 mg/liter, the removal efficiency in the 

presence of high-energy E-Beams decreased 

from 93.23% to 82.39%. Also, by increasing the 

concentration of Montelukast from 50 to 100 

mg/liter, the removal efficiency in the presence 

of high-energy E-Beams decreased from 87.1% 

to 78.43% (Figure 3). According to the typical 

concentrations in wastewater and water sources 

and the maximum efficiency, the optimal and 

base concentration was considered 50 mg/liter. 

 
Figure 3: Effect of drug concentrations on removal efficiency of Fexofenadine and Montelukast 
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The effect of absorbed dose of high energy E-

Beams on the removal of Fexofenadine and 

Montelukast drugs 

The effect of different absorption doses of 5, 8, 

10, 15, and 20 for the concentration of 50 mg/L of 

Fexofenadine and Montelukast drugs at the optimal 

pH of 8 was investigated. The reason for 

investigating the effect of higher doses in this study 

was the possible removal of higher production by-

products. This study found that the removal 

efficiency of Fexofenadine and Montelukast drugs 

increased with the increase of the absorbed dose. 15 

kGy was the optimal dose because of its maximum 

ability to remove the two drugs. 

Determining the elimination kinetics of 

Fexofenadine and Montelukast drugs in the 

presence of E-Beams 

In order to determine the kinetics of the 

decomposition reaction of Fexofenadine and 

Montelukast drugs in the high-energy E-Beam 

irradiation process, the curves of the linear 

equations of the first and second-order reactions 

were designed and drawn based on the linear 

regression equation. During the irradiation 

processes, the concentration of the desired 

pollutants decreased with the increase of the 

absorption dose, which is expressed in Equation 3. 

 C = C0e
-kD  

                                            (3) 

 

where 

 

C: was the initial drug concentration after 

irradiation, 

C0: the initial concentration of the drug, 

K: the reaction rate is constant, and 

D: was the absorbed dose 

The reaction rate constant depends significantly 

on the initial concentration of Fexofenadine and 

Montelukast drugs and their molecular structure. In 

this phase of the study, the data obtained from the 

absorption doses of 5, 8, 10, 15, and 20 kGy of 

high-energy E-Beams to remove the concentrations 

of 75, 65, 50, 85, and 100 mg/liter to determine the 

kinetics of removal were examined. The pseudo-

first-order kinetic equation related to the removal 

of various pollutants is shown in Equation 1 

(Figure 4). 

 

 

 
Figure 4: Second-order kinetic model of fexofenadine drug removal during irradiation by high-energy E-beams 

 

Based on what was obtained from the literature 

review 
26

, most of the studies in the irradiation 

field followed first-order kinetics. However, in 

minor cases, the removal of pollutants during the 

irradiation process followed second-order kinetics 

equation 2 (Figure 5). 
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Figure 5: First-order kinetic model of montelukast removal during irradiation by high-energy E-beams 

 

In the present study, the results of the reaction of 

high-energy E-Beam radiation in removing 

Fexofenadine and Montelukast were investigated 

using the kinetics of pseudo-first and second-order 

reactions. (Figure 6). 

 
Figure 6: Second-order kinetic model of Montelukast drug removal during irradiation by high-energy E-beams 

 

Efficiency of E-Beam for Removing 

Fexofenadine and Montelukast from Real 

Samples 

To achieve the study's objectives related to the 

efficiency of the process of removing 

Fexofenadine and Montelukast in practical 

settings, multiple samples of hospital wastewater 

were examined. These samples had a pH level and 

electrical conductivity of 815 mS/cm and were 

evaluated under optimal kinetic conditions (pH of 

8, a dose of 15 kGy) with concentrations of 3 mg/L 

and 8 mg/L for Fexofenadine and Montelukast, 

respectively. The study's results showed that in 

actual conditions, the removal efficiency of 

Fexofenadine was 81.8 ± 2.1, and the removal 

efficiency of Montelukast reached 77.5 ± 1.6. 
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Production of Hydroxyl Radicals in 

Fexofenadine Decomposition by High-Energy E-

Beam with Radical Scavengers 

As mentioned earlier, one of the significant 

advantages of advanced oxidation processes was 

the generation of radicals, especially hydroxyl 

radicals. To ensure the production of hydroxyl 

radical in the optimal conditions of high-energy E-

Beam irradiation, the high-energy E-Beam 

irradiation reaction was repeated using one molar 

concentration of tert-butanol radical scavenger. 

The findings from this phase of the study are 

illustrated in Figure 7. 

  
Figure 7: The effect of scavengers on the removal of fexofenadine by high-energy E-beam method using scavengers 

 

Discussion 

The research delved into the application of the 

high-energy E-Beam process for the elimination of 

two pharmaceuticals, namely Fexofenadine and 

Montelukast. The advantages of utilizing E-Beam 

(electron accelerator) over other ionizing radiation 

methods, such as gamma rays and traditional 

purification techniques, are manifold. E-Beams 

eliminate the need for chemical additives, prevent 

the generation of harmful byproducts, and avoid 

additional expenses associated with source 

replacement 
19, 21

. This process, via advanced 

oxidation methods, disintegrates contaminants 

through a cascading reaction mechanism that 

yields reactive radicals. Emerging pollutants, 

including pharmaceuticals, are subjects of scrutiny 

as well. Even at low concentrations, prolonged 

exposure to pharmaceutical residues can lead to 

adverse effects like drug resistance and metabolic 

side products within organisms. In a study 

conducted in 2022 on the application of water 

radiolysis by E-Beams to purify sewage sludge, 

purification by high-energy E-Beams was 

considered a successful approach to disinfecting 

sewage and sewage sludge 
27

. In removal 

efficiency studies, a model can be adjusted to fit 

the data and then used to analyze options for 

process improvement. However, these analyses 

were only used to develop experiments containing 

pertinent data for fitting the model. Models may be 

used to analyze data obtained from similar surveys. 

Achieving this goal requires choosing models that 

specifically describe the processes under 

investigation before determining which 

interpretation is better or best, that is, which 

interpretation is more general 
23, 28

.  

Pharmaceuticals enter ecosystems when they 

remain unmetabolized in both human and animal 
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bodies, releasing their active compounds. In a 2021 

study by Flavio Kiyoshi et al., it was found that the 

use of high-energy E-Beams could be a promising 

alternative for biological pre-treatment and post-

treatment processes.
24

. 

High-Energy E-Beam Analysis for Removing 

Fexofenadine and Montelukast - pH Effect 

Analysis on Removal Efficiency 

The obtained results showed that pH change 

slightly affected the removal efficiency of 

Fexofenadine and Montelukast in the presence of 

high-energy E-Beams. The disintegration of the 

two drugs at pH of 3 was slightly more than 8 and 

more than other pH levels. The data obtained from 

this stage showed slight changes in the removal 

efficiency of Fexofenadine and Montelukast at 

different pH values. However, the process's 

performance in removing Fexofenadine was shown 

to be higher than Montelukast. Based on the ionic 

dissociation coefficient, organic substances are 

dissolved in water in two molecular or ionic forms. 

When the pH of the aqueous solution is higher than 

the ionic dissociation coefficient, the organic 

matter dissolves in the aqueous solution in an ionic 

form considering that the pH of the medium is 

lower than its ion dissociation coefficient. Organic 

matter dissolves molecularly in water. The drugs 

studied in aqueous environments with acidic pH 

dissolve molecularly in water. While in alkaline 

conditions, they dissolve in water in an ionic form. 

Studies demonstrated that the ionic form of drugs 

tended to be highly reactive with hydroxyl radicals 

compared to its molecular form. The comparison 

of the average removal efficiencies at different pH 

using the Kruskal-Wallis test showed no 

statistically significant difference (P value> 0.05) 

between efficiency values at different pHs. 

Although the pH level of 8 is slightly higher than 

3, acidic byproducts generated during E-Beam 

irradiation reduced the pH. As there was no 

statistically significant difference in efficiency 

across pH levels and water sources typically have 

pH levels of 7 to 8, a pH of 8 was deemed optimal 

for this study. Due to the low production of 

hydroxyl radicals and the non-ionic nature of an 

important part of drugs at a pH of less than 8, 

efficiency was the lowest at these pH levels. In this 

study, the wide-ranging effect of pH on the process 

was investigated due to the small initial pH 

changes. Therefore, the optimal pH was selected at 

10 kGy, and an initial concentration of 75 mg/L of 

Fexofenadine and Montelukast was estimated to be 

8. This was while in other studies where the 

irradiation method was used to remove pollutants, 

it was found that pH greatly affected the efficiency 

of the process. For example, a study conducted by 

Gu. et al used the gamma-ray irradiation method to 

remove trihalomethanes with low concentration in 

drinking water; they found that at an absorption 

dose of 3 kGy with increasing pH, the removal of 

all of the trihalomethanes also increased 
29

. Krikoit 

et al. 2010 investigated high-energy E-Beams in 

the decomposition of citric acid solutions 

containing sodium persulfate. Their study showed 

that with an increase in pH level from 4 to 11, the 

efficiency of forming active radicals during the 

water radiolysis process did not depend on pH. At 

a pH level of higher than 10, relatively less 

hydroxyl free radicals were formed. In the present 

study, it became neutral after being exposed to 

radiation at a dose of 10 kGy.
22

. In their study, 

Behjat et al. (2008) studied the degradability of the 

blue solution of reactive dyes by high-energy E-

Beams with an energy of 10 megaelectron volts. 

They concluded that the pH level of solutions 

decreased after irradiation. Also, with increasing 

radiation dose, pH decreased. This study measured 

the effect of high-energy E-Beams on the pH value 

of samples before and after irradiation. Due to the 

production of organic and inorganic acid anions 

during irradiation, the pH value of treated solutions 

decreased 
21

. 

- Analysis of the effect of different 

concentrations of Fexofenadine and Montelukast 

on removal efficiency during irradiation process 

with high-energy E-Beams 

Another influencing variable in the irradiation 

process with high-energy E-Beams was the drug 

concentration. Based on the results, by increasing 

the initial concentration of Fexofenadine and 

Montelukast from 50 to 100 mg/liter, the efficiency 
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of removing high-energy E-Beams decreased due 

to the production of more degradation by-products. 

By increasing the concentration of Fexofenadine 

from 50 to 100 mg/liter, the removal efficiency in 

the presence of high-energy E-Beams decreased 

from 93.23% to 82.39%. Moreover, by increasing 

the concentration of Montelukast from 50 to 100 

mg/liter, the removal efficiency in the presence of 

high-energy E-Beams decreased from 87.1% to 

78.43%. According to the common concentrations 

in wastewater and water sources and the maximum 

efficiency, the optimal and base concentration was 

considered 50 mg/liter. In high concentrations of 

medicinal pollutants, the probability of a reaction 

between free radicals and oxidizing species with 

Fexofenadine and Montelukast molecules 

increased, thus increasing the removal percentage. 

After that, however, due to the formation of 

intermediates and side products, the possibility of 

the reaction of molecules of the examined drugs 

with oxidizing species decreased due to 

competition with formed intermediate substances, 

and the amount of its removal increased with a 

gentle slope. The intermediate compounds 

resulting from the decomposition of drugs were a 

type of OH radicals, so the efficiency was higher at 

low concentrations of the drug; for higher 

concentrations, more radical concentration was 

needed, and the reaction time was long. In 2011, in 

a study comparing the efficiency of high-energy E-

Beams and Gamma rays to remove color solutions, 

Abdou et al. concluded that the percentage of color 

removal decreased with the increase in color 

concentration. In this study, it was found that the 

initial concentration of the drug was an important 

factor in the purification process 
30

. 

- Analysis of the absorption dose effect of high-

energy E-Beams in the removal of Fexofenadine 

and Montelukast 

The results indicated that with the increase in 

pH, the dose used in the specific process increased 

the production of various radicals, including 

hydroxyl radical, and these radicals act non-

selectively due to their high power of oxidation. In 

addition to drugs, they also oxidized intermediate 

compounds of production. Increasing the dose at 

low pH levels was more important than at high pH 

levels. Therefore, if a high pH level was used as 

the optimal pH, it was better to use the low dose of 

the process as the optimal dose. With the increase 

in the dose of the process, as an oxidizing agent, 

the production of hydroxyl radicals in the 

medicinal solution increased, which increased 

molecular mass transfer and the efficiency of the 

irradiation process significantly. The results of the 

present study were consistent with the results of a 

study conducted by Parsaian et al. in 2008. In this 

research, the aqueous solutions of both drugs with 

a concentration of 100 ppm were irradiated in 

different doses of 1, 3, 6, and 9 kGy. The results 

showed that the desired polluted solutions were 

effectively destroyed and treated by high-energy E-

Beams. The absorption band of the desired drugs 

decreased rapidly at a dose of 1 kGy and 

disappeared completely at a dose of approximately 

9 kGy 
31

. In the present study, with the increase of 

absorption dose from 1 to 15 kGy, the removal 

efficiency of the two drugs, Fexofenadine and 

Montelukast, increased. However, these two drugs 

were not completely removed at 15 kGy. 

Kinetic analysis of elimination reaction of 

Fexofenadine and Montelukast in the presence of 

E-Beams 

According to the obtained data, the degradation 

of Montelukast and Fexofenadine was compatible 

with pseudo-first-order reactions with a coefficient 

of more than 0.9105 and 0.998, respectively. The 

decomposition of drugs by high-energy E-Beams is 

shown in Equation 4. 

 Drugs + ⦁OH→ oxidation products              (4)  

 

 The decomposition rate of Fexofenadine and 

Montelukast by high-energy E-Beams was written 

as Equation 5. Hence, the reaction rate depended 

on the concentrations of the drug and hydroxyl 

radicals and was expected to be quadratic. 

However, due to the hydroxyl radical's highly 

active and reactive nature, it did not accumulate in 

the solution. Therefore, its concentration was 

considered constant during decomposition. 

 [drugs]/𝑑�𝑡� = − 𝑘�⦁OH [ drugs]           (5) 
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Given the constant concentration of ⦁OH, the 

next equation could be obtained by substituting 

Kapp for [𝑘�𝑎�𝑏�𝑠�]⦁OH, where, 𝑘�𝑎�𝑝�𝑝� was the 

apparent reaction coefficient. According to this 

relationship, the decomposition of Fexofenadine 

and Montelukast by high-energy E-Beam bending 

process was a first-order reaction, but due to the 

fixed coefficient and the use of the apparent 

constant, it was called a false first-order 

 [drugs]/𝑑�𝑡� = − 𝑘�𝑎�𝑝�𝑝� [drugs]              (6) 

 ([drugs]𝑡�⁄ [drugs]0) = − 𝑘�𝑎�𝑝�𝑝�𝑡� → 

([drugs]0⁄ [drugs]𝑡�) = + 𝑘�𝑎�𝑝�𝑝�𝑡�          (7)  

 

Yavuz et al. conducted a study on the electro-

chemical removal of phenol from oil refinery 

wastewater; they concluded that the removal of 

phenol by Electro Fenton Process (EFP) followed a 

false first-order reaction 
29

. In 2012, Mousavi et al. 

removed formaldehyde using EFP and announced 

that the decomposition of formaldehyde followed 

pseudo-first-order kinetics 
23

. In 2013, Sahinkaya 

et al. reported that removing dye from textile 

wastewater by EFP followed a first-order reaction 
32

. 

Investigating the production of hydroxyl 

radical in the decomposition of Fexofenadine by 

the process of high-energy E-Beam irradiation 

using radical scavengers 

According to Figure 6, the reduction in the 

efficiency of the high-energy E-Beam radiation 

process in the presence of tert-butanol scavengers 

was 17.53% for Fexofenadine. This reduction in 

the performance of the high-energy E-Beam 

irradiation process in the presence of radical-

eating compounds indicated that the high-energy 

E-Beam irradiation process through the 

production of hydroxyl radicals led to the 

elimination of Fexofenadine and Montelukast. 

The reaction rate constant of tert-butanol with 

hydroxyl radical was very high therefore, this 

compound was widely used in advanced oxidation 

processes as a radical scavenger to determine the 

role of hydroxyl radical 
23

. 

Conclusion 

This research investigated the removal of drugs 

from aqueous solutions using high-energy E-

Beams. The drugs Fexofenadine and Montelukast 

are among emerging pollutants whose presence in 

water harms water quality, the environment, and 

human health. The research showed that high-

energy E-Beam technology effectively removed 

non-steroidal anti-inflammatory drugs. After 

preparing the sample, the influencing variables 

were determined and analyzed. Optimum 

conditions, a pH value of 8, a concentration of 50 

mg/l, and a dose of 15 kGy were determined. The 

maximum efficiency in the EB process was 

calculated to remove Fexofenadine at 93.28% and 

Montelukast at 88.13%. The high removal 

efficiency of Fexofenadine compared to 

Montelukast in the investigated process is its 

higher solubility in aqueous environments. 

Increasing the radiation dose and decreasing the 

initial concentration of these two drugs, increases 

removal efficiency. According to the study results, 

the EB process effectively removes drugs. Due to 

the short reaction time, it can be used to remove 

compounds resistant to common decomposition, 

taking into account other considerations. 
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